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© In a tandem mill system, at least one first type 
rolling mill is arranged in the upstream side and at 
least one second type rolling mill is arranged in the 
downstream side. The first type rolling mill is of the 
so-called work roll crossing mill in which a pair of 
work rolls are inclined with respect to a pair of back- 
up rolls supporting the work rolls and simultaneously 
crossed each other in a horizontal plane to control 
transverse thickness distribution of a strip. The sec- 
ond type rolling mill is of the so-called HC mill which 
controls the strip crown and shape by a combination 
of axial movement of intermediate rolls and work roll 
bending. Such an arrangement makes it possible to 
increase a capability of controlling the strip crown 
and shape, particularly, a capability of correcting the 
quarter buckle, and eliminate a fear of causing 
scratches on the strip and roll surfaces, with the 
result of improved production efficiency. Plural lines 
of lubricant supply device are also provided to stop 
supply of a lubricant immediately before biting of the 
strip into the work roll crossing mill and start the 
supply again after the biting. A system of lubricating 



the work roll crossing mill is thereby improved. 
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Background of the Invention 

The present invention relates to a work roll 
crossing mill in which a pair of work rolls are 
inclined in respective horizontal planes with respect 
to associated back-up rolls and also crossed each 
other, and more particularly to a hot or cold tan- 
dem mill system including such work roll crossing 
mills. 

In a conventional tandem mill system, rolling 
mills arranged along a rolling line have usually 
been all constituted by 4-high mills. Therefore, the 
strip crown (transverse thickness distribution) and 
the shape (flatness) of a strip to be rolled have 
been controlled by roll bending apparatus of the 4- 
high mills. However, because the use of only roll 
bending has limitations in a capability of controlling 
the strip crown and shape, there have recently 
been developed tandem mill systems equipped 
with various high-performance rolling mills. JP, B, 
53-2140 and JP, B, 55-2121, for example, disclose 
a tandem mill system equipped with a rolling mill 
(see Fig. 3, hereinafter referred to as an HC mill) 
which has rolls movable in the axial direction and 
controls the strip crown and shape by a combina- 
tion of movement of those rolls and bending of 
work rolls. This tandem mill system enabled control 
of the quarter buckle that could not be corrected 
until then. Also, JP, B, 59-41804 discloses a tan- 
dem mill system comprised of only those rolling 
mills in which rolls are crossed each other in re- 
spective horizontal planes to control the strip crown 
and so forth. 

As a mill which comprises a 4-high mill ca- 
pable of using large-diameter work rolls and has a 
high capability of strip crown control, JP, B, 58- 
23161 discloses a rolling mill (see Fig. 16, 
hereinafter referred to as a PC mill) in which pairs 
of work rolls and back-up rolls, one pair being on 
each of the upper and lower sides, are crossed 
together each other in respective horizontal planes. 

Summary of the Invention 

Controlling the quarter buckle requires two or 
more shape correcting means which can provide 
different influences upon a pattern of transverse 
thickness distribution. As described in the above- 
cited JP, B, 53-2140, for example, the quarter 
buckle can be corrected by properly combining a 
means which gives an influence upon the trans- 
verse thickness distribution pattern ranged from the 
vicinity of the strip center and a means which 
concentrically applies an effect to the strip ends. 

A capability of quarter buckle control is maxi- 
mized by constituting all stands by 6-high HC mills 
in which work rolls can be made small in diameter, 
as described in the above-cited JP, B, 53-2140 and 



JP, B, 55-2121. The use of 6-high HC mills is also 
advantageous in that rolling load required is small. 
However, such a tandem mill system has 
drawbacks below. In the case of hot rolling, since 

5 rolls are brought into contact with strips at high 
temperatures in several upstream stands, small- 
diameter rolls are heated up to high temperatures 
soon because of their small heat capacity and the 
quality of roll material is deteriorated. Also, if work 

w rolls of upstream stands have a small diameter, 
those work rolls cannot bite a thick strip there- 
between. This drawback equally applies to the case 
of cold rolling. For that reason, regardless of 
whether the system is used for hot rolling or cold 

w rolling, large-diameter work rolls are required in 
upstream stands of the tandem mill system. A 6- 
high UC and HC mill having large-diameter work 
rolls, however, becomes an extremely large-sized 
apparatus and increases the construction cost. Still 

20 another drawback is in that because of being less 
susceptible to bending, large-diameter work rolls 
have a small roll bending effect and hence exhibit 
a small capability of controlling the strip crown and 
so forth. 

25 As mentioned before, while the above-cited JP, 

B, 58-23161 discloses the PC mill as a mill which 
comprises a 4-high mill capable of using large- 
diameter work rolls and has a great capability of 
strip crown control, a tandem mill system in which 

30 all stands are constituted by PC mills has 
drawbacks below. 

First, there is no capability of quarter buckle 
control. More specifically, in order to control the 
quarter buckle, a means for giving an influence 

35 upon the transverse thickness distribution pattern 
ranged from the vicinity of the strip center and a 
means for concentrically applying an effect to the 
strip ends are properly combined with each other. 
However, roll crossing effects resulted from any 

40 crossing type mills including a PC mill influence 
the transverse thickness distribution-pattern ranged 
from the vicinity of the strip center. Because of the 
large roll diameter, bending of work rolls cannot 
concentrically apply an effect to the strip ends and 

45 provides a similar pattern change to that of the roll 
crossing effect. In a roll crossing type mill, there- 
fore, the quarter buckle cannot be corrected even 
by the combined use of roll crossing and roll 
bending. Further, during the rolling in which a strip 

so is passing a mill, a screwdown force is directly 
acting on a back-up roll chock from a screwdown 
device. Accordingly, in a PC mill in which back-up 
rolls are crossed each other along with work rolls, it 
is difficult to control a cross angle during the rolling 

55 of a strip. In this point, too, the above tandem mill 
system has limitations in correcting the quarter 
buckle. 
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Secondly, no considerations are paid to 
scratches of rolls due to strips. More specifically, in 
both hot and cold rolling, a strip-caused scratch 
occurs on the roll surface during the rolling. The 
occurrence of a strip-caused scratch on the roll 
surface deteriorates the surface quality of rolled 
products and hence requires replacement of rolls. 
In particular, if a strip-caused scratch occurs in any 
upstream roll, the scratch is transferred to down- 
stream rolls as well and the number of rolls to be 
replaced is increased, thus leading to a large influ- 
ence. 

In the case of hot rolling, rolls are brought into 
contact with strips at high temperatures in several 
upstream stands and the roll surface inevitably 
changes in quality such that the so-called scale is 
created thereon. Taking the fact into account, it has 
been practiced to intentionally or positively deposit 
the scale as one kind of surface coating. The scale 
is very hard and no particular problems arise if it is 
uniformly deposited over the roll surface. However, 
deposition of the scale onto the roll surface is not 
so stable in its creation process immediately after 
roll replacement that the scale once deposited is 
often peeled off and caught up between the roll 
and the strip, thereby causing a scratch. Accord- 
ingly, roll replacement is required and time loss 
necessary for the roll replacement leads to a re- 
duction in production efficiency. Moreover, the ne- 
cessity of rolling those strips, which especially tend 
to create the scale, immediately after roll replace- 
ment has imposed limitations on the degree of 
freedom in schedule. 

A first object of the present invention is to 
provide a tandem mill system which has a high 
capability of controlling the strip crown and shape, 
particularly, a high capability of correcting the quar- 
ter buckle, has a high rate of production, and is 
free from a fear of causing scratches on the strip 
and roll surfaces, by arranging work roll crossing 
mills in each of which a pair of work rolls are 
inclined with respect to associated back-up rolls 
and also crossed each other. 

A second object of the present invention is to 
improve, in a system comprising a plurality of work 
roll crossing mills in each of which a pair of work 
rolls are inclined with respect to associated back- 
up rolls and also crossed each other, a manner of 
lubricating between the work rolls and the back-up 
rolls supporting the work rolls, thereby providing a 
tandem mill system which enables smooth lubrica- 
tion. 

A third object of the present invention is to 
improve, in a work roll crossing mill in which a pair 
of work rolls are inclined with respect to associated 
back-up rolls and also crossed each other, as well 
as a tandem mill system including a plurality of 
such work roll crossing mills, a manner of lubricat- 



ing between the work rolls and the back-up rolls 
supporting the work rolls, thereby providing a tan- 
dem mill system and a work roll crossing mill 
which enable smooth lubrication. 

5 To achieve the above first object, in accor- 

dance with the present invention, there is provided 
a tandem mill system in which a plurality of rolling 
mills are arranged along a rolling line, said plurality 
of rolling mills including (a) at least one first type 

70 rolling mill comprising a pair of work rolls and a 
pair of back-up rolls, said pair of work rolls being 
inclined with respect to a pair of said back-up rolls 
supporting said work rolls and simultaneously 
crossed each other in respective horizontal planes 

75 to control transverse thickness distribution of a 
strip; and (b) at least one second type rolling mill 
having a shape control function of providing an 
influence upon a pattern of the transverse thickness 
distribution of said strip different from the influence 

20 provided by said first type rolling mill. 

To achieve the above first object, in accor- 
dance with the present invention, there is also 
provided a tandem mill system in which a plurality 
of rolling mills are arranged along a rolling line, 

25 said plurality of rolling mills including (a) at least 
one first type rolling mill comprising a pair of work 
rolls and a pair of back-up rolls, said pair of work 
rolls being inclined with respect to said pair of 
back-up rolls supporting said work rolls and si- 

30 multaneously crossed each other respective hori- 
zontal planes to control transverse thickness dis- 
tribution of a strip; and (b) at least one second type 
rolling mill comprising a pair of work rolls and a 
pair of rolls movable in an axial direction, at least 

35 said pair of work rolls being applied with bending 
forces to control the transverse thickness distribu- 
tion of said strip by a combination of the roll 
movement and the work roll bending. 

To achieve the above first object, in accor- 

40 dance with the present invention, there is further 
provided a tandem mill system in which a plurality 
of rolling mills are arranged along a rolling line, 
said plurality of rolling mills including (a) at least 
one first type rolling mill comprising a pair of work 

45 rolls and a pair of back-up rolls, said pair of work 
rolls can be bended and being inclined or in line 
with respect to said pair of back-up rolls supporting 
said work rolls and simultaneously crossed each 
other in respective horizontal planes to control 

50 transverse thickness distribution of a strip; and (b) 
at least one second type rolling mill comprising a 
pair of bendably and a pair of bottle shaped rolls 
mutually symmetrical about a point and movable in 
an axial direction, said pair of bottle shaped rolls 

55 being moved in opposite directions to each other to 
control the transverse thickness distribution of said 
strip. 
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To achieve the above first object, in accor- 
dance with the present invention, there is still fur- 
ther provided a tandem mill system in which a 
plurality of rolling mills are arranged along a rolling 
line, said plurality of rolling mills including (a) at 
least one first type rolling mill comprising a pair of 
work rolls and a pair of back-up rolls, said pair of 
work rolls being inclined with respect to said pair of 
back-up rolls supporting said work rolls and si- 
multaneously crossed each other in respective 
horizontal planes, said pair of work rolls being also 
applied with bending forces to control transverse 
thickness distribution of a strip by a combination of 
the roll crossing and the work roll bending; and (b) 
at least one second type rolling mill comprising a 
pair of work rolls and a pair of back-up rolls, said 
pair of work rolls being crossed each other together 
with said pair of back-up rolls supporting said work 
rolls in respective horizontal planes, said pair of 
work rolls being also applied with bending forces to 
control the transverse thickness distribution of said 
strip by a combination of the roll crossing and the 
work roll bending. 

In any of the above tandem mill systems, pref- 
erably, said first type rolling mill is arranged in at 
least a head stand of said plurality of rolling mills. 
Also preferably, said second type rolling mill is 
arranged in at least a tail stand of said plurality of 
rolling mills. Further preferably, said first type roll- 
ing mill is arranged in a stand upstream of said 
second type rolling mill. 

In any of the above tandem mill systems, pref- 
erably, said first type rolling mill includes means 
for controlling a cross angle of said pair of work 
rolls during the rolling in which said strip is passing 
said first type rolling mill. 

In any of the above tandem mill systems, pref- 
erably, said first type rolling mill includes lubricant 
supply means for lubricating between said work 
rolls and said back-up rolls supporting said work 
rolls. 

To achieve the above second object, in accor- 
dance with the present invention, there is provided, 
on the basis of any of the above tandem mill 
systems, a tandem mill system further including (c) 
lubricant supply means provided for said first type 
rolling mill for lubricating between said work rolls 
and said back-up rolls supporting said work rolls; 
(d) first detection means provided upstream of said 
first type rolling mill for detecting the presence or 
absence of said strip; (e) second detection means 
provided for said first type rolling mill for detecting 
biting of said strip; and (f) control means for con- 
trolling said lubricant supply means in response to 
signals from said first and second detection means. 

To achieve the above second and third objects, 
in accordance with the present invention, there is 
provided, on the basis of any of the above tandem 



mill systems, a tandem mill system further includ- 
ing (c) plural lines of lubricant supply means pro- 
vided for said first type rolling mill for lubricating 
between said work rolls and said back-up rolls 

5 supporting said work rolls, said plural lines of lubri- 
cant supply means having respective lubricant sup- 
ply sources per line. 

In the above tandem mill system, preferably, 
said first type rolling mill is provided plural in 

w number, said plural first type rolling mills are di- 
vided into plural groups in the direction of move- 
ment of said strip, and said plural lines of lubricant 
supply means are divided into plural lines cor- 
responding to the plural groups of said first type 

w rolling mills. In this case, preferably, out of said 
plural lines of lubricant supply means, the line 
corresponding to the upstream group of said first 
type rolling mills has said lubricant supply source 
containing a lubricant with higher density, and the 

20 line corresponding to the downstream group of said 
first type rolling mills has said lubricant supply 
source containing a lubricant with lower density. 

Also preferably, said plural lines of lubricant 
supply means are divided into two lines corre- 

25 sponding to the upper rolls and the lower rolls of 
said first type rolling mill. In this case, preferably, 
out of said two lines of lubricant supply means, the 
line corresponding to said upper rolls has said 
lubricant supply source containing a lubricant with 

30 higher density, and the line corresponding to said 
lower rolls has said lubricant supply source con- 
taining a lubricant with lower density. 

Further preferably, said plural lines of lubricant 
supply means have a number of nozzles arranged 

35 along a roll axial direction in said first type rolling 
mill, said number of nozzles are divided into plural 
groups the roll axial direction, and said plural lines 
of lubricant supply means are divided into plural 
lines corresponding to the plural groups of said 

40 nozzles. In this case, out of said plural lines of 
lubricant supply means, the line corresponding to 
the nozzle group in a roll central portion has said 
lubricant supply source containing a lubricant with 
higher density, and the line corresponding to the 

45 nozzle group in a roll end portion has said lubricant 
supply source containing a lubricant with lower 
density. 

Further preferably, said plural lines of lubricant 
supply means each have a number of nozzles 

so arranged along a roll axial direction in said first 
type rolling mill, and said lubricant supply sources 
for said plural lines of lubricant supply means con- 
tain lubricants with different densities. 

To achieve the above second object, in accor- 

55 dance with the present invention, there is provided 
a tandem mill system in which a plurality of rolling 
mills are arranged along a rolling line, comprising 
(a) said plurality of rolling mills including a plurality 



4 



7 



EP 0 555 882 A1 



8 



of work roll crossing mills each of which comprises 
a pair of work rolls and a pair of back-up rolls, said 
pair of work rolls being inclined with respect to a 
pair of said back-up rolls supporting said work rolls 
and simultaneously crossed each other in respec- 
tive horizontal planes to control transverse thick- 
ness distribution of a strip; (b) lubricant supply 
means provided for each of said plurality of work 
roll crossing mills for lubricating between said work 
rolls and said back-up rolls supporting said work 
rolls; (c) first detection means provided upstream of 
said plurality of work roll crossing mills for detect- 
ing the presence or absence of said strip; (d) 
second detection means provided for each of said 
plurality of work roll crossing mills for detecting 
biting of said strip; and (e) control means for con- 
trolling said lubricant supply means in response to 
signals from said first and second detection means. 

To achieve the above second and third objects, 
in accordance with the present invention, there is 
provided a tandem mill system in which a plurality 
of rolling mills are arranged along a rolling line, 
comprising (a) said plurality of rolling mills includ- 
ing a plurality of work roll crossing mills each of 
which comprises a pair of work rolls and a pair of 
back-up rolls, said pair of work rolls being inclined 
with respect to said pair of back-up rolls supporting 
said work rolls and simultaneously crossed each 
other in respective horizontal planes to control 
transverse thickness distribution of a strip; and (b) 
plural lines of lubricant supply means provided for 
each of said plurality of work roll crossing mills for 
lubricating between said work rolls and said back- 
up rolls supporting said work rolls, said plural lines 
of lubricant supply means having respective lubri- 
cant supply sources per line. 

To achieve the above third object, in accor- 
dance with the present invention, there is provided 
a work roll crossing mill comprising a pair of work 
rolls and a pair of back-up rolls, said pair of work 
rolls being inclined with respect to said pair of 
back-up rolls supporting said work rolls and si- 
multaneously crossed each other in respective 
horizontal planes to control transverse thickness 
distribution of a strip, wherein said mill includes 
plural lines of lubricant supply means for lubricat- 
ing between said work rolls and said back-up rolls 
supporting said work rolls, said plural lines of lubri- 
cant supply means having respective lubricant sup- 
ply sources per line. 

In the present invention concerned with the first 
object, the first type rolling mill is constituted by 
the so-called work roll crossing mill to control the 
transverse thickness distribution, i.e., the strip 
crown, ranged from the vicinity of the strip center 
based on its roll crossing effect, and the second 
type rolling mill has a shape control function to 
correct the transverse thickness distribution ranged 



from the vicinity of the strip ends, thereby exhibit- 
ing a high capability of quarter buckle control. Also, 
in the work roll crossing mill, since a cross angle of 
the work rolls can be controlled even during the 

5 rolling of the strip, during passing cross angle 
control is permitted. 

In the work roll crossing mills used as the first 
type rolling mill, since the work rolls are rotated in 
such a condition that they, are inclined with respect 

70 to the back-up rolls supporting the work rolls, there 
occur slight slips between the work rolls and the 
back-up rolls, causing these rolls to grind each 
other. As a result, scratches due to the scale are 
not caused in hot rolling, and a fear of causing 

75 scratches on the roll surfaces is eliminated. Thus, 
the roll surfaces are always kept clean in either 
case. 

Furthermore, since the first type rolling mill 
controls the transverse thickness distribution of the 

20 strip based on the roll crossing, large-diameter 
work rolls can used therein. Accordingly, when the 
present invention is applied to hot rolling, the work 
rolls are prevented from being heated up to high 
temperatures and deterioration of the roll material 

25 can be suppressed. In addition, the use of large- 
diameter work rolls can ensure positive biting of 
thick strips. 

The rolling mill which controls the transverse 
thickness distribution of the strip by a combination 

30 of the roll movement and the work roll bending, 
and the rolling mill which controls the transverse 
thickness distribution of the strip by moving the 
bottle shaped rolls, mutually symmetrical about a 
point, in opposite directions to each other have 

35 shape control functions of giving influences, dif- 
ferent from the influence given by the first type 
rolling mill, upon a pattern of the transverse thick- 
ness distribution of the strip, thus making it possi- 
ble to correct the transverse thickness distribution 

40 ranged from the vicinity of the strip ends. There- 
fore, a capability of quarter buckle control can be 
developed by using any of the above rolling mills 
as the aforesaid second type rolling mill. 

Between the case where the transverse thick- 

45 ness distribution of the strip is controlled by the 
work roll crossing mill based on a combination of 
the roll crossing and the work roll bending, and the 
case where the transverse thickness distribution of 
the strip is controlled by the so-called PC mill, in 

50 which the work rolls and the back-up rolls are 
crossed together each other, based on a combina- 
tion of the roll crossing and the work roll bending, 
there occurs a difference in characteristics of the 
work roll bending, when the work roll diameter is 

55 small, due to different degrees of interference in 
detrimental contact portions between the work rolls 
and the back-up rolls. In other words, the work roll 
bending imposes a greaterjnfluence upon the 
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transverse thickness distribution ranged from the 
vicinity of the strip center in the work roll crossing 
mill than in the PC mill. Accordingly, a capability of 
quarter buckle control can also be developed by 
combining the work roll crossing mill and the PC 
mill which have their own work roll bending func- 
tions. 

With the first type rolling mill arranged in the 
upstream side and the second type rolling mill 
arranged in the downstream side, respectively, the 
strip crown is controlled in the upstream side and 
the shape near the strip ends is corrected in the 
downstream side, thereby developing a high capa- 
bility of quarter buckle control. 

With the lubricant supply means provided for 
the first type rolling mill for lubricating between the 
work rolls and the back-up rolls, thrust forces pro- 
duced in the axial direction between the work rolls 
and the back-up rolls because of only the work 
rolls being crossed are reduced and troubles due 
to excessive thrust forces are prevented. 

In the present invention concerned with the 
second object, the lubricant supply means is pro- 
vided for the first type rolling mill (the work roll 
crossing mill) for lubricating between the work rolls 
and the back-up rolls, and there are further pro- 
vided the first detection means for detecting the 
presence or absence of the strip, the second de- 
tection means for detecting biting of the strip, and 
the control means for controlling said lubricant sup- 
ply means in response to signals from the first and 
second detection means. It is therefore possible to 
stop supply of a lubricant immediately before biting 
of the strip into the first type rolling mill (the work 
roll crossing mill) and start the supply again after 
the biting. As a result, slip troubles at the time of 
biting into the first type rolling mill are eliminated 
and production efficiency is improved. 

In the present invention concerned with the 
second and third objects, the plural lines of lubri- 
cant supply means are provided for the first type 
rolling mill (the work roll crossing mill) and the 
lubricant supply sources are separately provided 
per line. Accordingly, by changing density or a 
friction force reducing capability of the lubricant 
depending on spots where the lubricant is to be 
supplied, the amount of lubricant used can be 
reduced while providing required lubrication. 

There is such a tendency in the tandem mill 
system that rolling load is large in the upstream 
stands and, to the contrary, it is small in the 
downstream stands. Also, thrust forces produced in 
the work roll crossing mill are almost proportional 
to rolling load. Therefore, the upstream stands un- 
dergo larger thrust forces than the downstream 
stands. In view of the above, where the first type 
rolling mill is provided plural in number, a plurality 
of the first type rolling mills are divided into plural 



groups and, correspondingly to these groups of the 
first type rolling mills, the plural lines of lubricant 
supply means are also divided into plural groups. 
This enables the lubricant supply source, which is 

5 associated with the line corresponding to the up- 
stream group of the first type rolling mills to con- 
tain a lubricant with higher density and the lubri- 
cant supply source, which is associated with the 
line corresponding to the downstream group of the 

w first type rolling mills, to contain a lubricant with 
lower density. As a result, the amount of lubricant 
used can be reduced while providing required lu- 
brication to the work roll crossing mill. Additionally, 
the thrust forces are made uniform in all the 

w stands, the time wastefully consumed is cut down, 
and hence production efficiency is improved. 

In many usual cases, roll lubricating conditions 
in the work roll crossing mill are different between 
the upper and lower sides, and roll wears are also 

20 different between the upper and lower sides. Gen- 
erally, since a large amount of cooling water is 
used in hot rolling, the lubricant is more easily 
washed away in the lower rolls. Therefore, the 
coefficient of friction in the lower side is increased 

25 and wears of the lower rolls become larger cor- 
respondingly. In view of the above, the plural lines 
of lubricant supply means are divided into two lines 
between the upper rolls and the lower rolls of the 
first type rolling mill. This enables the lubricant 

30 supply source, which is associated with the line 
corresponding to the upper rolls, to contain a lubri- 
cant with higher density and the lubricant supply 
source, which is associated with the line corre- 
sponding to the lower rolls, to contain a lubricant 

35 with lower density. As a result, the amount of 
lubricant used can be reduced while providing re- 
quired lubrication to the work roll crossing mill. 

Moreover, contact pressure between the back- 
up roll and the work roll is usually distributed such 

40 that higher pressure is applied to a roll central 
portion where the strip is nipped, than applied to 
roll end portions. Accordingly, the friction force is 
also distributed in the axial direction of the roll such 
that the greater force is applied to the roll central 

45 portion. In view of the above, a number of the 
nozzles arranged along the roll axial direction in the 
first type rolling mill are divided into plural groups 
in the roll axial direction and, correspondingly to 
these groups of the nozzles, the plural lines of 

50 lubricant supply means are also divided into plural 
groups. This enables the lubricant supply source, 
which is associated with the line corresponding to 
the nozzle group for the roll central portion, to 
contain a lubricant with higher density and the 

55 lubricant supply source, which is associated with 
the line corresponding to the nozzle groups for the 
roll end portions, to contain a lubricant with lower 
density. As a result, the amount of lubricant used 
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can be reduced while providing required lubrication 
to the work roll crossing mill. 

With such an arrangement that the plural lines 
of lubricant supply means each have a number of 
nozzles arranged along the roll axial direction in the 
first type rolling mill, and the lubricant supply sour- 
ces for the plural lines of lubricant supply means 
contain lubricants with different densities, when the 
detected thrust forces becomes too large, the lubri- 
cant with higher different density can be supplied 
so as to prevent a trouble of roll seizure or the like 
due to excessive thrust forces and hence prolong 
the service life of the rolls. 

Brief Description of the Drawings 



Fig. 1 is a schematic view of a tandem mill 
system according to a first embodiment of the 
present invention. 

Fig. 2 is a schematic view of a first type rolling 
mill (a work roll crossing mill) shown in Fig. 1. 

Fig. 3 is a schematic view of a second rolling 
mill (an HC mill) shown in Fig. 1. 

Fig. 4 is a front view, partly sectioned, of the 
work roll crossing mill shown in Fig. 2. 

Fig. 5 is a top plan view, partly sectioned, of 
the work roll crossing mill shown in Fig. 4. 

Fig. 6 is a schematic view of a 6-high mill 
having modified rolls which is arranged in place of 
the HC mill shown in Fig. 1. 

Fig. 7 is a schematic view of a 4-high mill 
having modified rolls which is arranged in place of 
the HC mill shown in Fig. 1. 

Fig. 8 is a schematic view of a tandem mill 
system according to a second embodiment of the 
present invention. 

Fig. 9 is a schematic view of a tandem mill 
system according to a third embodiment of the 
present invention. 

Fig. 10 is a schematic view of a tandem mill 
system according to a modification of the third 
embodiment shown in Fig. 9. 

Fig 11 is a schematic view of a PC mill shown 
in Fig. 10. 

Fig. 12 is a schematic view of a tandem mill 
system according to a fourth embodiment of the 
present invention. 

Fig. 13 is a schematic view of a tandem mill 
system according to a fifth embodiment of the 
present invention. 

Fig. 14 is a front view, partly sectioned, of a 
work roll crossing mill with a work roll bending 
function. 

Fig. 15 is a top plan view, partly sectioned, of 
the work roll crossing mill shown in Fig. 14. 

Fig. 16 is a view for explaining detrimental 
contact portions in roll bending. 



Fig. 17 is a schematic view of a tandem mill 
system according to a sixth embodiment of the 
present invention. 

Fig. 18 is a schematic view of a tandem mill 
5 system according to a seventh embodiment of the 
present invention. 

Fig. 19 is a schematic view of a tandem mill 
system according to an eighth embodiment of the 
present invention, 
ro Fig. 20 is a schematic view of a work roll 

crossing mill according to a ninth embodiment of 
the present invention. 

Fig. 21 is a view showing distribution of roll-to- 
roll friction forces in a rolling mill. 
75 Fig. 22 is a schematic view of a crossing mill 

according to a tenth embodiment of the present 
invention. 

Fig. 23 is a schematic view of a tandem mill 
system according to still another embodiment of 
20 the present invention. 

Fig. 24 is a schematic view of a tandem mill 
system according to still another embodiment of 
the present invention. 

Fig. 25 is a schematic view of a tandem mill 
25 system according to still another embodiment of 
the present invention. 

Detailed Description of the Preferred Embodiments 



30 First Embodiment 



To begin with, a first embodiment of the 
present invention will be described with reference 
to Figs. 1 to 5. In this embodiment, the present 

35 invention is applied to hot rolling. 

In Fig. 1 , a tandem mill system of this embodi- 
ment is constructed such that first type rolling mills 
8 to 11, each being shown in Fig. 2, are arranged 
in the upstream side of from first to fourth stands, 

40 and second type rolling mills 12 to 14, each being 
shown in Fig. 3, are arranged in the downstream 
side of from fifth to seventh stands. A strip 1 to be 
rolled is supplied from the entry side of the first 
type rolling mills 8 to 11 and successively rolled 

45 through the two types rolling mills, including the 
second type rolling mills 12 to 14, in tandem. 

The first type rolling mills 8 to 1 1 each com- 
prise, as shown in Fig. 2, a pair of upper and lower 
work rolls 2, 3 and a pair of upper and lower back- 

50 up rolls 6, 7. The first type rolling mill is of a 
crossing mill that the pair of work rolls 2, 3 are 
inclined with respect to the pair of back-up rolls 6, 
7 respectively supporting the work rolls 2, 3 and 
also crossed each other in respective horizontal 

55 planes to control the transverse thickness distribu- 
tion, i.e., the strip crown. In this specification, such 
a crossing mill will be referred to as "a work roll 
crossing mill" case by case. Further, this work roll 
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crossing mill includes a lubricant supply device 
(described later) for lubricating between the work 
rolls 2, 3 and the back-up rolls 6, 7 so that thrust 
forces produced between the work rolls 2, 3 and 
the back-up rolls 6, 7 in the axial directions of the 
roll because of only the work rolls 2, 3 being 
crossed are reduced. Additionally, a cross angle of 
the work rolls may be controlled even during the 
rolling in which the strip is passing the mill. This is 
because a screwdown force of a screwdown device 
is applied to back-up roll chocks 204 (see Fig. 4), 
but not directly applied to work roll chocks 203 
(see Fig. 4), allowing the work rolls to easily incline 
even during the rolling. Thus, during passing cross 
angle control is permitted. In a later-described PC 
mill (see Fig. 11), since the back-up roll chocks to 
which the screwdown force is directly applied are 
also inclined, it is difficult to control the cross angle 
during the rolling. 

The second type rolling mills 12 to 14 each 
comprise, as shown in Fig. 3, a pair of upper and 
lower work rolls 2a, 3a, a pair of upper and lower 
intermediate rolls 4a, 5a movable in the axial direc- 
tion, and a pair of upper and lower back-up rolls 
6a, 7a. The second type rolling mill is of the so- 
called HC and UC mill a roll movement of the 
intermediate rolls 4a, 5a and bending of the work 
rolls 2a, 3a are combined to control the transverse 
thickness distribution, thereby controlling the strip 
crown and shape (flatness). In this HC mill, the 
intermediate rolls 4a, 5a are moved in the axial 
direction and the back-up rolls 6a, 7a serve to 
support the intermediate rolls 4a, 5a. Note that the 
HC mill is not limited to the type axially moving the 
intermediate rolls and, as an alternative, it may be 
the type of axially moving and bending the inter- 
mediate rolls and/or of axially moving the work rolls 
and/or the type axially moving the back-up rolls. 

The diameter of the work rolls is usually the 
same throughout all the stands. In this embodi- 
ment, however, the diameter of the work rolls in the 
downstream second type rolling mills 12 to 14 is 
set smaller than that in the upstream first type 
rolling mills 8 to 11. The reason is that with the 
work rolls having a smaller diameter, a work roll 
bending effect is more concentrically applied to the 
strip ends and a capability of correcting the quarter 
buckle is enhanced. 

The detailed structure of the work roll crossing 
mill used in each of the first type rolling mills 8 to 
11 will now be explained with reference to Figs. 4 
and 5. 

In Fig. 4, the work roll crossing mill comprises, 
as mentioned above, the pair of upper and lower 
work rolls 2, 3 and the pair of upper and lower 
back-up rolls 6, 7 supporting the associated work 
rolls. Work roll chocks 203 are provided at respec- 
tive roll ends of the work rolls 2, 3 and rotatably 



support the work rolls 2, 3. Likewise, back-up roll 
chocks 204 are provided at respective roll ends of 
the back-up rolls 6, 7 and rotatably support the 
back-up rolls 6, 7. 

5 The work roll chocks 203 and the back-up roll 

chocks 204 are disposed to face respective window 
surfaces 205a of a pair of stands 205 which are 
vertically installed with a distance in the axial direc- 
tion of the mill rolls. A screwdown jack (not shown) 

w provided in upper or lower portions of the stands 
205 applies reduction force to the work and back- 
up rolls for rolling the Strip 1. 

Hydraulic jacks 208, 209 are provided in re- 
spective projecting blocks 207 of the stands 205 

w facing both lateral surfaces of the work roll chock 
203 so that roll axes of the pair of upper and lower 
work rolls 2, 3 can be inclined with respect to roll 
axes of the pair of back-up rolls 6, 7 and also 
crossed each other, thereby making only the work 

20 rolls 2, 3 crossed in respective horizontal planes. 

Fig. 5 shows a hydraulic system for driving the 
hydraulic jacks 208, 209 to actuate. A hydraulic 
fluid is supplied to the hydraulic jack 208 via a 
directional control valve 210, and an amount 

25 through which a hydraulic ram of the hydraulic jack 
208 has moved is detected by sensing a displace- 
ment of a rod 21 1 attached to the hydraulic ram by 
a sensor 212, the detected signal being transmitted 
to a work roll cross angle controller 213. The work 

30 roll cross angle controller 213 calculates a desired 
cross angle of the work rolls 2, 3 based on signals 
corresponding to rolling conditions, calculates a 
target amount of movement of the hydraulic ram 
necessary for achieving the desired cross angle, 

35 and then regulates the directional control valve 210 
to drive the hydraulic jack 208 so that the detected 
amount of movement coincides with the target 
amount of movement. Through such feedback con- 
trol, the cross angle of the work rolls 2, 3 is 

40 controlled to a desired value. This cross angle 
control may be performed not only while any strip 
is not passing the mill, but also during the rolling in 
which the strip is passing the mill, as mentioned 
before. Thus, during passing cross angle control is 

45 performed. The controller 213 has a function of 
controlling the cross angle even during the rolling 
of the strip. 

The hydraulic fluid is supplied to the hydraulic 
jack 209 via a pressure reducing valve 214 so that 

so the work roll chock 203 is pressed with a proper 
pressing force. 

Also, to enable each of the work rolls 2, 3 to 
move in the axial direction thereof, two hydraulic 
cylinders 215, 215 for driving the work roll along its 

55 roll axis are provided on the stand 205 in sandwich 
relation to the work roll chock 203. These hydraulic 
cylinders 215, 215 have rods coupled to a common 
movable block 216, and releasable locking portions 
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217 provided on the movable block 216 engage 
projections 203a formed at an end of the work roll 
chock 203, whereby driving forces of the hydraulic 
cylinders 215, 215 are transmitted to the work roll 
chock 203 to move the work roll 2 or 3 in the axial 
direction. 

It is needless to say that, though not shown, 
the above-mentioned control of axial movement of 
the work rolls 2, 3 is performed by a movement 
amount controller depending on rolling conditions. 

Further, as shown in Figs. 4 and 5, lubricant 
supply nozzles 218 are disposed along the roll axis 
as a primary member of a lubricant supply device 
for supplying a lubricant to between the work rolls 
2, 3 and the back-up rolls 6, 7. The position where 
the lubricant supply nozzle 218 is disposed is not 
necessarily limited to the illustrated location, and 
may be at any location so long as lubricating oil as 
a lubricant can be supplied to between both the 
rolls. 

A roll grinder 220 is installed closely to the roll 
surface of each of the back-up rolls 6, 7 for grind- 
ing the roll surface during the rolling. A brush roller 
221 and a cleaning nozzle 222 are also installed to 
remove the lubricating oil that has adhered onto the 
roll surface of each of the back-up rolls 6, 7. 

In the work roll crossing mill of this embodi- 
ment, as mentioned above, the lubricant supply 
nozzle 218 is disposed along the roll axis for sup- 
plying a lubricant to between the work rolls 2, 3 
and the back-up rolls 6, 7. This supply of the 
lubricant reduces the coefficients of friction be- 
tween the work rolls 2, 3 and the back-up rolls 6, 7, 
makes smaller thrust forces produced on the work 
rolls because of only the work rolls being crossed, 
and further successfully enables easy change of 
the strip crown during the rolling while providing a 
high capability of strip crown control. As a result, 
there can be realized a 4-high mill of the type that 
only the work rolls are crossed each other. Inciden- 
tally, the detailed operation of this type 4-high mill 
is described in Japanese Patent Application No. 3- 
66007. 

In addition, since the upper and lower work 
rolls 2, 3 are arranged so as to shift in the axial 
direction, the work rolls can be axially moved dur- 
ing the rolling operation, which enables dispersion 
of wear and hence schedule free rolling. 

A description will now be given of operating 
advantages of this embodiment. 

In usual rolling schedule, a reduction rate of 
the first stand is maximum. Accordingly, if the large 
strip crown is given in the first stand, it becomes 
difficult to correct that strip crown in the subse- 
quent stands. Stated otherwise, those rolling mills 
which have a high capability of correcting the strip 
crown are required to be installed in the upstream 
side including the first stand. In the case of hot 



rolling, since rolls are brought into contact with 
strips at high temperatures in several upstream 
stands, small-diameter rolls are heated up to high 
temperatures soon because of their small heat ca- 

5 pacity and the quality of roll material is deterio- 
rated. Also, if work rolls of upstream stands have a 
small diameter, those work rolls cannot bite a thick 
strip therebetween. For that reason, large-diameter 
work rolls are required in upstream stands of the 

ro tandem mill system. A 6-high UC or HC mill having 
large-diameter work rolls, however, becomes an 
extremely large-sized apparatus and increases the 
construction cost. Still another drawback is in that 
because of being less susceptible to bending, 

75 large-diameter work rolls have a small roll bending 
effect and hence exhibit a small capability of con- 
trolling the strip crown and so forth. 

Furthermore, in the case of hot rolling, rolls are 
brought into contact with strips at high tempera- 

20 tures in several upstream stands and the roll sur- 
face inevitably changes in quality such that the so- 
called scale is created thereon. Taking the fact into 
account, it has been practiced to intentionally or 
positively deposit the scale as one kind of surface 

25 coating. The scale is very hard and no particular 
problems arise if it is uniformly deposited over the 
roll surface. However, deposition of the scale onto 
the roll surface is not so stable in its creation 
process immediately after roll replacement that the 

30 scale once deposited is often peeled off and 
caught up between the roll and the strip, thereby 
causing a scratch. Accordingly, roll replacement is 
required and time loss necessary for the roll re- 
placement leads to a reduction in production effi- 

35 ciency. Moreover, the necessity of rolling those 
strips, which especially tend to create the scale, 
immediately after roll replacement has imposed 
limitations on the degree of freedom in schedule. 
On the other hand, in the downstream stands 

40 where the strip thickness is small, a transverse 
deformation at the strip ends is small and flatness 
at the strip ends becomes a critical factor. There- 
fore, those rolling mills which have a high capability 
of correcting the strip end shape are required to be 

45 installed in the downstream stands. 

In this embodiment, the work roll crossing mills 
are used as the first type rolling mills 8 to 11 
arranged in the upstream side of the tandem mill 
system and their roll crossing effects are utilized to 

50 control the transverse thickness distribution, i.e., 
the strip crown, ranged from the vicinity of the strip 
center. In this connection, since the work roll cross- 
ing mill can control the cross angle during the 
rolling, it is possible to control the strip crown in 

55 real time while detecting the strip shape. The HC 
and/or UC mills are used as the second type rolling 
mills 12 to 14 arranged in the downstream side to 
concentrically correct the strip end shape based on 
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both the roll movement and the work roll bending. 
Consequently, a high capability of quarter buckle 
control can be developed by a combination of two 
kinds of shape control functions which provide dif- 
ferent influences upon the transverse thickness dis- 
tribution pattern of the strip. 

Since large-diameter work rolls are used in the 
work roll crossing mills as the first type rolling mills 
8 to 11, the work rolls are prevented from being 
heated up to high temperatures and deterioration of 
the roll material can be suppressed. Additionally, 
the use of large-diameter work rolls can ensure 
positive biting of thick strips. 

Moreover, in the work roll crossing mills used 
as the first type rolling mills 8 to 11 arranged in the 
upstream side of the tandem mill system, since the 
work rolls 2, 3 are rotated in such a condition that 
they are inclined with respect to the back-up rolls 
6, 7 supporting the work rolls 2, 3 and simulta- 
neously crossed each other in respective horizontal 
planes, there occur slight slips between the work 
roll 2 and the back-up roll 6 and between the work 
roll 3 and the back-up roll 7, causing the rolls 2, 3 
and 7, 8 to grind each other. As a result, the roll 
surfaces are always kept clean and scratches due 
to the scale are not caused. 

With this embodiment, as explained above, 
there can be provided a tandem mill system which 
has a high capability of correcting the quarter 
buckle while ensuring positive biting of strips. Also, 
the roll surfaces are always kept free from 
scratches and transfer of scratches to the strip is 
reduced to a large extent, with the result of a 
remarkable improvement in yield. Additionally, 
since roll wear is made uniform, time loss neces- 
sary for roll replacement is reduced and production 
efficiency is increased. 

While the present invention is applied to hot 
rolling in this embodiment, the similar construction 
may also applied to cold rolling with the result of 
the similar advantage in relation to a capability of 
correcting the quarter buckle. Although the problem 
of scale does not exist in cold rolling, the similar 
roll grinding effect in the crossing mill is obtained 
for scratches caused on the roll surfaces and 
strips, whereby yield and production efficiency are 
improved. 

As to the work roll crossing mills used as the 
first type rolling mills 8 to 11, no descriptions are 
made about applying bending forces to the work 
rolls. As shown in Fig. 14 explained later, however, 
there may be provided means for applying bending 
forces to the work rolls. 

Rolling mills having bottle shape rolls, as 
shown in Figs. 6 and 7, have recently been devel- 
oped and these mills may be used as the down- 
stream second type rolling mills 12 to 14 in place 
of the HC mills. Figs. 6 and 7 show examples of 



the rolling mills with modified rolls. The rolling mill 
shown in Fig. 6 comprises a pair of upper and 
lower work rolls 2b, 3b, a pair of upper and lower 
intermediate rolls 4b, 5b, and a pair of upper and 

5 lower back-up rolls 6b, 7b. The intermediate rolls 
4b, 5b have bottle shapes mutually symmetrical 
about a point and are movable in the axial direction 
thereof. The transverse thickness distribution of the 
strip is controlled by moving the pair of intermedi- 

w ate rolls 4b, 5b in opposite directions to each other. 
The rolling mill shown in Fig. 7 comprises a pair of 
upper and lower work rolls 2c, 3c and a pair of 
upper and lower back-up rolls 6c, 7c. The work 
rolls 6c, 7c have bottle shapes mutually symmetri- 

15 cal about a point and are movable in the axial 
direction thereof. The transverse thickness distribu- 
tion of the strip is controlled by moving the pair of 
work rolls 6c, 7c in opposite directions to each 
other. These rolling mills with modified rolls also 

20 have a function of concentrically correcting the 
strip end shape by axial movement of the bottle 
shape rolls. Accordingly, by arranging those rolling 
mills with modified rolls in the downstream stands, 
there can be developed a high capability of quarter 

25 buckle control similarly to the embodiment shown 
in Fig. 1. It should be noted that in later-described 
embodiments, too, the rolling mills with modified 
rolls shown in Figs. 6 and 7 can be likewise used 
in place of the HC mills. 

30 

Second Embodiment 

A second embodiment of the present invention 
will be described with reference to Fig. 8. This 

35 embodiment also represents the case where the 
present invention is also applied to hot rolling. In 
this embodiment, the work roll crossing mill shown 
in Fig. 2 is arranged as the first type rolling mill 8 
in the first stand, the HC or UC mill shown in Fig. 3 

40 is arranged as the second type rolling mill 14 in the 
final seventh stand, and conventional 4-high mills 
9A to 13A having axially movable or fixed work 
rolls with no rolls crossed are arranged in the 
intermediate second to sixth stands. 

45 As mentioned before, in usual rolling schedule, 

a reduction rate of the first stand is maximum and, 
if the large strip crown is given in the first stand, it 
becomes difficult to correct that strip crown in the 
subsequent stands. Accordingly, it is required to 

50 install in the first stand that rolling mill which has a 
high capability of correcting the strip crown and 
also which is large in work roll diameter and has a 
function of keeping the roll surfaces clean, from the 
above-mentioned reasons. Further, in the final 

55 stand where the strip thickness is small, a trans- 
verse deformation at the strip ends is small and 
flatness at the strip ends becomes a critical factor. 
Therefore, that rolling mill which has a high capa- 
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bility of correcting the strip end shape is required 
to be installed in the final stand. No particular 
problems arise even with conventional rolling mills 
used in the intermediate stands. 

This embodiment is on the basis of the above 
consideration. More specifically, the work roll 
crossing mill and the HC mill are arranged in the 
first stand and the final seventh stand, respectively, 
so that the first stand controls the transverse thick- 
ness distribution, i.e, the strip crown, ranged from 
the vicinity of the strip center based on the roll 
crossing effect and the final stand concentrically 
corrects the strip end shape based on both the roll 
movement and the work roll bending, thereby mak- 
ing it possible to develop a high capability of 
quarter buckle control. This embodiment can also 
provide the similar advantages to those in the em- 
bodiment of Fig. 1 such as that the work roll 
crossing mill in the first stand causes no scratches 
on the roll and strips. Additionally, this embodiment 
can also be applied to cold rolling with the result of 
the similar advantages in relation to a capability of 
quarter buckle control and a reduction in the occur- 
rence of scratches. 

Third Embodiment 



A third embodiment of the present invention 
will be described with reference to Fig. 9. This 
embodiment also represents the case where the 
present invention is applied to hot rolling. In this 
embodiment, the work roll crossing mills, each 
being shown in Fig. 2, are arranged as the first 
type rolling mills 10, 11 in the upstream third and 
fourth stands, the HC mills, each being shown in 
Fig. 3, are arranged as the second type rolling 
mills 12 to 14 in the downstream fifth to seventh 
stands, and conventional 4-high mills 8B, 9B with 
no rolls crossed are arranged in the upstream first 
and second stands. 

As mentioned before, the scale deposits on the 
work rolls in the upstream stands. If the scale 
deposits uniformly in the axial direction, no particu- 
lar problems arise; on the contrary, it is rather 
preferable in many cases. The scale is a hard 
metal oxide and has advantageous features such 
as high wear resistance. Therefore, the first and 
second stands in which the scale is more likely to 
deposit on the work rolls are constituted by the 
conventional 4-high mills, with an intention of posi- 
tively depositing the scale to improve wear resis- 
tance. From the third stand in which deposition of 
the scale tends to be unstable, the work roll cross- 
ing mills, each being shown in Fig. 2, are arranged 
until the fourth stand so that the occurrence of roll 
scratches is prevented by utilizing the grinding 
effect based on the roll crossing. 



A reduction in capability of strip crown control 
caused by the conventional 4-high mills 8B, 9B 
arranged in the first and second stands is com- 
pensated for by the work roll crossing mills 10, 11 
5 in the third and fourth stands. As a result, a high 
capability of strip crown control can be developed 
through the entirety of the upstream first to fourth 
stands. 

Consequently, this embodiment can also pro- 

70 vide the similar advantages to those in the fore- 
going embodiments. 

In the above-mentioned third embodiment, the 
first and second stands may be constituted by 
rolling mills of the type that pairs of work rolls and 

75 back-up rolls, one pair being on each of the upper 
and lower sides, are crossed together each other in 
respective horizontal planes, i.e., PC mills, other 
than the conventional 4-high mills. This alternative 
arrangement is shown in Fig. 10. In Fig. 10, PC 

20 mills 8D, 9D are arranged in the first and second 
stands. As shown in Fig. 11, the PC mills each 
comprise a pair of work rolls 2d, 3d and a pair of 
back-up rolls 6d, 7d arranged such that the pair of 
work rolls 2d, 3d and the pair of back-up rolls 6d, 

25 76 supporting the work rolls 2d, 3d are crossed 
together each other in respective horizontal planes, 
thus controlling the transverse thickness distribu- 
tion of the strip. The arrangement of Fig. 10 using 
the PC mills can also provide the similar advan- 

30 tages to those in the third embodiment. 

Fourth Embodiment 

A fourth embodiment of the present invention 

35 will be described with reference to Fig. 12. This 
embodiment represents an arrangement which is 
primarily used in cold rolling. In this embodiment, 
the work roll crossing mill shown in Fig. 2 is 
arranged as the first type rolling mill 11 in the 

40 fourth stand before the final stand, the HC mill 
shown in Fig. 3 is arranged as the second type 
rolling mill 12 in the final fifth stand, and conven- 
tional 4-high mills 86 to 10C with no rolls crossed 
are arranged in the upstream first to third stands. 

45 In cold rolling, a capability of correcting the 

shape (flatness) is required rather than a capability 
of correcting the strip crown. For strips of large 
width, particularly, there is needed a capability of 
correcting the quarter buckle including not only 

50 simple end and middle elongations, but also mix- 
ture of these elongations. As mentioned before, 
such a capability is provided by properly combin- 
ing a means which gives an influence upon the 
transverse thickness distribution pattern ranged 

55 from the vicinity of the strip enter and a means 
which concentrically applies an effect to the strip 
ends. The shape of final rolled products is greatly 
influenced by the final n-th stand (the fifth stand in 
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the case of Fig. 12) and the preceding (n-1)-th 
stand (the fourth stand in the case of Fig. 12). 
Therefore, the work roll crossing mill shown in Fig. 
2 which gives an influence upon the transverse 
thickness distribution pattern ranged from the vi- 
cinity of the strip center is arranged in the (n-1)-th 
stand, and the HC mill shown in Fig. 3 which 
concentrically applies an effect to the strip ends is 
arranged in the final n-th stand. Thus, the different 
effects of those mills are properly combined with 
each other to correct the quarter buckle. Of course, 
the above arrangement may be reversed such that 
the HC mill shown in Fig. 3 is arranged in the (n-1)- 
th stand and the work roll crossing mill shown in 
Fig. 2 is arranged in the final n-th stand. 

This embodiment can also increase a capabil- 
ity of correcting the quarter buckle similarly to the 
first embodiment. Further, with the provision of the 
work roll crossing mill, the roll grinding effect can 
be obtained to provide advantages of improving 
both yield and production efficiency. 

Fifth Embodiment 

A fifth embodiment of the present invention will 
be described with reference to Figs. 13 to 16. This 
embodiment also represents an arrangement which 
is primarily used in cold rolling. In this embodi- 
ment, work roll crossing mills with a work roll 
bending function are arranged as first type rolling 
mills 8E to 11 E in the upstream first to fourth 
stands in the first embodiment of Fig. 1, and PC 
mills with a work roll bending function are ar- 
ranged, in place of the HC mills, as the second 
type rolling mills 12E to 14E in the downstream 
fifth to seventh stands. 

The structure of the work roll crossing mill with 
a work roll bending function is shown in Figs. 14 
and 15. In these figures, identical members to 
those shown in Figs. 4 and 5 are denoted by the 
same reference numerals. As shown in Figs. 14 
and 15, cylinders 219, 219 for applying bending 
forces to the work rolls 2, 3 are built in the projec- 
ting block 207 in sandwich relation to the hydraulic 
jacks 208, 209. These cylinders 219, 219 act on 
flange portions 203 of the work roll chock 203 
protruding toward the opposite stands for produc- 
ing a convex or concave roll-to-roll gap profile. 

Although the PC mill with a work roll bending 
function is not shown, it includes means for apply- 
ing bending forces as with the work roll crossing 
mill mentioned above. 

To correct the quarter buckle, as stated before, 
there are needed two or more kinds of shape 
correcting means which provide different influences 
upon the transverse thickness distribution pattern. 
In the case of using large-diameter work rolls, the 
influence due to roll crossing and the influence due 



to work roll bending are almost equal to each other, 
whereby the effect of correcting the quarter buckle 
is not expected. However, when the roll diameter is 
small, influences imposed by the work roll bending 

5 upon the transverse thickness distribution pattern 
are different between the work roll crossing mill 
and the PC mill. More specifically, in the PC mill, 
detrimental contact portions acting to impede the 
work roll bending effect are present, as shown in 

70 Fig. 16, similarily to the conventional 4-high mill 
and the work rolls are prevented from bending by 
forces applied from those detrimental contact por- 
tions. On the other hand, in the work roll crossing 
mill, since the work rolls are crossed with respect 

w to the back-up rolls, the forces from the detrimental 
contact portions apply obliquely to the work rolls 
rather than vertically in the PC mill. The work roll 
bending effect is impeded by the vertical compo- 
nents of the applied forces and, in the work roll 

20 crossing mill, the vertical components of the ap- 
plied forces are somewhat reduced corresponding 
to inclination of the applied forces. When the work 
roll diameter is large, a difference in bending due 
to the difference of the vertical components is 

25 small, but the difference in bending is increased as 
the diameter becomes smaller. Thus, in the case of 
using small-diameter work rolls, there occurs a 
difference in work roll bending characteristics be- 
tween the work roll crossing mill and the PC mill. 

30 As a result, by arranging the work roll crossing 
mills and the PC mills as shown in Fig. 13, the 
quarter buckle can be corrected similarly to the 
first embodiment. Consequently, this embodiment 
is also effective to increase a capability of correct- 

35 ing the quarter buckle, as well as to improve both 
yield and production efficiency based on the roll 
grinding effect. 

Sixth Embodiment 

40 

Fig. 17 shows a sixth embodiment in which the 
present invention is applied to hot rolling. This 
embodiment represents an example of a lubricant 
supply device in the first embodiment shown in 

45 Fig. 1. 

In the work roll crossing mill shown in Fig. 2, 
as mentioned before, since thrust forces are pro- 
duced between the work rolls 2, 3 and the back-up 
rolls 6, 7, a lubricant is supplied to the roll-to-roll 

so gap for making the coefficient of friction smaller. 
However, if the coefficient of friction becomes too 
small, there occurs a slip when the work rolls are 
going to bite the strip, which leads to an incapabil- 
ity of the rolling. For this reason, the amount of 

55 lubricant supplied is preferable to be as small as 
possible. It is also preferable to stop supply of the 
lubricant immediately before biting of the strip and 
start the supply again after the biting. 

12 
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In this embodiment of Fig. 17, therefore, the 
first type rolling mills (work roll crossing mills) 8 to 
11 shown in Fig. 1 are associated with a lubricant 
supply device which comprises valves 15 to 18, 
nozzles 100 to 107, a tank 38 as a supply source 
of the lubricant, and a pump 39. The valves 15 to 
18 of the lubricant supply device are controlled by 
supply amount adjusters 22 to 25 and a controller 
30. A strip sensor 29 is provided in the entrance 
side of a train of the rolling mills to detect the 
presence or absence of the strip 1. The presence 
of the strip is usually detected by using a ther- 
mometer. Further, load cells 31 to 34 are provided 
in the respective stands to detect biting of the strip. 

When the strip sensor 29 detects that the strip 
has entered, a detected signal is taken by the 
controller 30 from which a supply stop signal is 
immediately transmitted to the supply amount ad- 
juster 22 for the first stand. Threading speeds for 
the respective stands are previously input in the 
controller 30 which calculates periods of time re- 
quired for the strip to pass the stand-to-stand dis- 
tances and successively transmits supply stop sig- 
nals to the supply amount adjusters for the subse- 
quent stands with lags corresponding to the cal- 
culated periods of time. Meanwhile, the supply of 
the lubricant must be started again immediately 
after biting of the strip. To this end, the biting is 
detected by the load cells 31 to 34 provided on the 
respective stands, whereupon supply start signals 
are output to the supply amount adjusters 22 to 25. 
The lubricant is sent from the tank 38 as a supply 
source by the pump 39. By so controlling the 
supply of the lubricant, troubles due to excessive 
thrust forces and slip troubles at the time of biting 
are eliminated, with the result of improved produc- 
tion efficiency. 

Seventh Embodiment 

A seventh embodiment of the present invention 
will be described with reference to Fig. 18. This 
embodiment is also related to a lubricant supply 
device as with the above sixth embodiment. Gen- 
erally, rolling schedule is determined so that rolling 
power becomes uniform throughout all the stands. 
Therefore, rolling load is not always on the same 
order in all the stands. There is such a tendency 
that rolling load is large in the upstream stands 
corresponding to a slow threading speed and, to 
the contrary, it is small in the downstream stands. 
Because thrust forces produced in the work roll 
crossing mill are almost proportional to rolling load, 
the upstream stands undergo larger thrust forces 
than the downstream stands and require more fre- 
quent replacement of the rolls and bearings, mean- 
ing that maintenance time has been wasted. This 
disadvantage can be eliminated by using, in the 



upstream stands, a lubricant with a greater capabil- 
ity of reducing the friction force than that of a 
lubricant used in the downstream stands. 

In this embodiment of Fig. 18, therefore, the 

5 first type rolling mills (work roll crossing mills) 8 to 
11 are divided into two groups and, correspond- 
ingly to these groups, the lubricant supply device 
is also divided into two groups. A lubricant with a 
greater capability of reducing the friction force or a 

ro lubricant with higher density is supplied to the first 
group of upstream work roll crossing mills 8, 9 
from a tank 42 by a pump 43, whereas a different 
lubricant, i.e., a lubricant with a smaller capability 
of reducing the friction force or a lubricant with 

75 lower density is supplied to the second group of 
upstream work roll crossing mills 10, 11 from a 
tank 40 by a pump 41 . By so supplying two kinds 
of lubricants, it is possible to make the thrust 
forces uniform in all the stands, cut down the time 

20 wastefully consumed, and hence improve produc- 
tion efficiency. Further, the amount of lubricant 
used is diminished. 

Eighth Embodiment 

25 

An eighth embodiment of the present invention 
will be described with reference to Fig 19. This 
embodiment is also related to a lubricant supply 
device. In the above embodiments, the same lubri- 

30 cant is supplied to the upper and lower rolls. In 
many usual cases, however, roll lubricating con- 
ditions are different between the upper and lower 
sides, and roll wears are also different between the 
upper and lower sides. Generally, since a large 

35 amount of cooling water is used in hot rolling, the 
lubricant is more easily washed away in the lower 
rolls. Therefore, the coefficient of friction in the 
lower side is increased and wears of the lower rolls 
become larger correspondingly. 

40 In view of the above, a lubricant supply system 

is divided into two lines between the upper rolls 
and the lower rolls of the rolling mills for supplying 
lubricants with different densities therethrough. In 
this embodiment of Fig. 19, valves 44 to 47 and the 

45 nozzles 100, 102, 104, 106 are provided as a 
device for supplying a lubricant to the upper rolls, 
whereas the valves 15 to 18 and the nozzles 101, 
103, 105, 107 are provided as a device for sup- 
plying a lubricant to the lower rolls. The lubricant 

50 for the upper rolls is supplied to the upper roll 
system from a tank 51 by a pump 52, and the 
lubricant with higher density than the lubricant for 
the upper rolls is supplied to the lower roll system 
from the tank 38 by the pump 39. By so arranging, 

55 it is possible to prevent abnormal wear of the lower 
rolls, cut down the time wastefully consumed for 
roll replacement, and hence improve production 
efficiency. 
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Ninth Embodiment 

A ninth embodiment of the present invention 
relating to a lubricant supply device divided into 
plural lines will be described with reference to Figs. 
20 and 21. As shown in Fig. 21, contact pressure 
between the back-up roll and the work roll is usu- 
ally distributed such that higher pressure is applied 
to a roll central portion where the strip is bited, 
than applied to roll end portions. Accordingly, the 
friction force is also distributed in the axial direction 
of the roll such that the greater force is applied to 
the roll central portion. 

In view of the above, nozzles of the lubricant 
supply device are divided into three groups 110, 
111, 112 on the upper side and 113, 114, 115 on 
the lower side in the axial direction of the roll. A 
lubricant with higher density and superior lubrica- 
tion property is supplied to the nozzle groups 100, 
113 for the roll central portion subjected to the 
large friction force, whereas a lubricant with lower 
density is supplied to the nozzle groups 111, 112 
and 114, 115 for the roll end portions. More specifi- 
cally, the nozzle groups 100, 113 for the roll central 
portion are commonly connected to a valve 116, a 
pump 118 and a tank 1 19 so that the lubricant with 
higher density is supplied from the tank 119 by the 
pump 118. The nozzle groups 111, 112 and 114, 
115 for the roll end portions are commonly con- 
nected to a valve 117, a pump 120 and a tank 121 
so that the lubricant with lower density is supplied 
from the tank 121 by the pump 120. 

Of course, as with the foregoing embodiments, 
the above arrangement may be combined with 
division of the lubricant supply line between the 
upper and lower sides or for each group of stands. 

The meaning of so dividing the lubricant sup- 
ply device into plural lines is to reduce the total 
amount of lubricant used to the extent possible. It 
is natural that if a lubricant with higher density and 
superior lubrication property is supplied to all sup- 
ply spots, the amount of lubricant used would be- 
come very large and the production cost of rolled 
products would be increased correspondingly. For 
this reason, the lubricant with lower density is sup- 
plied as far as practicable to those spots where 
even the low-density lubricant suffices. As a result, 
the amount of lubricant used is reduced to a nec- 
essary minimum value and a rise in the production 
cost can be held down. 

Tenth Embodiment 

While the foregoing embodiments have been 
described as simply dividing the lubricant supply 
device into plural lines, the lubricant supply device 
may be divided into plural lines while duplicating 
them. For example, the lubricant supply device is 



arranged in such a manner as able to supply two 
kinds of lubricants with different densities to the 
same spot through different lines and, when an 
excessive thrust force is detected, the line for sup- 

5 plying the lubricant with higher density is open to 
lower the coefficient of friction. Fig. 22 shows an 
embodiment for practicing the above scheme. In 
addition to a normal lubricant supply system com- 
prising a line which includes nozzles 130, 131, the 

w valve 15, the pump 39 and the tank 38, there is 
provided an emergent system comprising a line 
which includes nozzles 132, 132, a valve 53, a 
pump 58 and a tank 57. Thrust forces imposed on 
the work rolls 2, 3 are detected by load cells 55, 56 

w and output to a supply amount adjuster 54. When 
the detected thrust forces exceed a certain set 
value, the supply amount adjuster 54 opens the 
valve 53 so that the lubricant with higher density in 
the tank 57 is injected to lower the coefficient of 

20 friction. As a result, it is possible to prevent a 
trouble of roll seizure or the like due to excessive 
thrust force and hence prolong the service life of 
the rolls. 

25 Other Embodiments 



Still other embodiments of the present inven- 
tion will be described with reference to Figs. 23 to 
25. In these embodiments shown in Figs. 23 to 25, 

30 the schemes of the embodiments relating to the 
lubricant supply device shown in Figs. 17 to 19 are 
applied to an arrangement in which the work roll 
crossing mills, each being shown in Fig. 2, are 
arranged in all the first to seventh stands. 

35 More specifically, in the embodiment shown in 

Fig. 23, the work roll crossing mills, each being 
shown in Fig. 2, are arranged as the first type 
rolling mills 8 to 11 and second type rolling mills 
12D to 14D in all the first to seventh stands. The 

40 strip 1 is successively rolled by those work roll 
crossing mills in tandem. 

In the work roll crossing mill shown in Fig. 2, 
as mentioned before, the pair of work rolls 2, 3 are 
inclined with respect to the pair of back-up rolls 6, 

45 7 supporting the work rolls 2, 3 and simultaneously 
crossed each other in respective a horizontal 
planes, thus controlling the transverse thickness 
distribution of the strip. 

Also, in the work roll crossing mill, since thrust 

so forces are produced between the work rolls 2, 3 
and the back-up rolls 6, 7, a lubricant is supplied to 
the roll-to-roll gap for making the coefficient of 
friction smaller. However, if the coefficient of fric- 
tion becomes too small, there occurs a slip when 

55 the work rolls are going to bite the strip, which 
leads to an incapability of the rolling. For this 
reason, the amount of lubricant supplied is prefer- 
able to be as small as possible. It is also preferable 
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to stop supply of the lubricant immediately before 
biting of the strip and start the supply again after 
the biting. 

In this embodiment of Fig. 23, therefore, the 
first type rolling mills (work roll crossing mills) 8 to 
11 and the second type rolling mills (work roll 
crossing mills) 12D to 14D are associated with a 
lubricant supply device which comprises valves 15 
to 21, nozzles 100 to 107 and 150 to 155, a tank 38 
as a supply source of the lubricant, and a pump 
39. The valves 15 to 21 of the lubricant supply 
device are controlled by supply amount adjusters 
22 to 28 and a controller 30. A strip sensor 29 is 
provided in the entrance side of a train of the 
rolling mills to detect the presence or absence of 
the strip 1. The presence of the strip is usually 
detected by using a thermometer. Further, load 
cells 31 to 37 are provided in the respective stands 
to detect biting of the strip. 

When the strip sensor 29 detects that the strip 
has entered, a detected signal is taken by the 
controller 30 from which a supply stop signal is 
immediately transmitted to the supply amount ad- 
juster 22 for the first stand. Threading speeds for 
the respective stands are previously input in the 
controller 30 which calculates periods of time re- 
quired for the strip to pass the stand-to-stand dis- 
tances and successively transmits supply stop sig- 
nals to the supply amount adjusters for the subse- 
quent stands with lags corresponding to the cal- 
culated periods of time. Meanwhile, the supply of 
the lubricant must be started again immediately 
after biting of the strip. To this end, the biting is 
detected by the load cells 31 to 37 provided on the 
respective stands, whereupon supply start signals 
are output to the supply amount adjusters 22 to 28. 
The lubricant is sent from the tank 38 as a supply 
source by the pump 39. By so controlling the 
supply of the lubricant, troubles due to excessive 
thrust forces and slip troubles at the time of biting 
are eliminated, with the result of improved produc- 
tion efficiency. 

Furthermore, rolling schedule is generally de- 
termined so that rolling power becomes uniform 
throughout all the stands. Therefore, rolling load is 
not always on the same order in all the stands. 
There is such a tendency that rolling load is large 
in the upstream stands corresponding to a slow 
threading speed and, to the contrary, it is small in 
the downstream stands. Because thrust forces pro- 
duced in the work roll crossing mill are almost 
proportional to rolling load, the upstream stands 
undergo larger thrust forces than the downstream 
stands and require more frequent replacement of 
the rolls and bearings, meaning that maintenance 
time has been wasted. This disadvantage can be 
eliminated by using, in the upstream stands, a 
lubricant with a greater capability of reducing the 



friction force than that of a lubricant used in the 
downstream stands. 

In this embodiment of Fig. 24, therefore, the 
first type rolling mills (work roll crossing mills) 8 to 

5 11 and the second type rolling mills (work roll 
crossing mills) 12D to 14D are divided into three 
groups and, correspondingly to these groups, the 
lubricant supply device is also divided into three 
groups. A lubricant with the greatest capability of 

70 reducing the friction force or a lubricant with high- 
est density is supplied to the first group of up- 
stream work roll crossing mills 8, 9, 10 from a tank 
42 by a pump 43, a different lubrication, i.e., a 
lubricant with a smaller capability of reducing the 

75 friction force or a lubricant with lower density is 
supplied to the second group of work roll crossing 
mills 11, 12D, 13D from a tank 40 by a pump 41, 
and further a lubricant with the smallest capability 
of reducing the friction force or a lubricant with 

20 lowest density is supplied to the third group of 
work roll crossing mills 14D from the tank 38 by 
the pump 39. By so supplying three kinds of lubric- 
ants, it is possible to make the thrust forces uni- 
form in all the stands, cut down the time wastefully 

25 consumed, and hence improve production efficien- 
cy. Further, the amount of lubricant used is dimin- 
ished. 

Moreover, in the above embodiments of Figs. 
23 and 24, the same lubricant is supplied to the 

30 upper and lower rolls. In many usual cases, how- 
ever, roll lubricating conditions are different be- 
tween the upper and lower sides, and roll wears 
are also different between the upper and lower 
sides. Generally, since a large amount of cooling 

35 water is used in hot rolling, the lubricant is more 
easily washed away in the lower rolls. Therefore, 
the coefficient of friction in the lower side is in- 
creased and wears of the lower rolls become larger 
correspondingly. 

40 Taking the above into account, in this embodi- 

ment of Fig. 25, a lubricant supply system is di- 
vided into two lines between the upper rolls and 
the lower rolls of the rolling mills for supplying 
lubricants with different densities therethrough. 

45 More specifically, valves 44 to 50 and the nozzles 
100, 102, 104, 106, 150, 152, 154 are provided as 
a device for supplying a lubricant to the upper rolls, 
whereas the valves 15 to 21 and the nozzles 101, 
103, 105, 107, 151, 153, 155 are provided as a 

50 device for supplying a lubricant to the lower rolls. 
The lubricant for the upper rolls is supplied to the 
upper roll system from a tank 51 by a pump 52, 
and the lubricant with higher density than the lubri- 
cant for the upper rolls is supplied to the lower roll 

55 system from the tank 38 by the pump 39. By so 
arranging, it is possible to prevent abnormal wear 
of the lower rolls, cut down the time wastefully 
consumed for roll replacement, and hence improve 

15 
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production efficiency. 

Though not shown, it is a matter of course that 
any of the line constructions of the lubricant supply 
device shown in Figs. 20 and 22 may be applied to 
the tandem mill system comprising the work roll 
crossing mills arranged in all the first to seventh 
stands. 

While several embodiments of the present in- 
vention have been described above, the present 
invention is not limited to the illustrated embodi- 
ments and various modifications can be envisaged. 
For example, the number of stands constituting the 
tandem mill system is not limited to seven in the 
embodiments and may be any desired number. 
Also, the ratio between different types of rolling 
mills, such as work roll crossing mills and the HC 
mills, in the tandem mill system can be variously 
set other than the ratios used in the embodiments. 

According to the present invention, as full de- 
scribed above, since a work roll crossing mill end 
another type rolling mill having a shape control 
function of giving an influence upon the transverse 
thickness distribution pattern of a strip different 
from that given by the work roll crossing mill are 
arranged in a combined manner, it is possible to 
increase a capability of correcting the quarter buck- 
le, manufacture high-quality products, keep the roll 
surfaces always free from scratches based on a roll 
grinding effect, and further improve both yield and 
production efficiency. In hot rolling, since large- 
diameter work rolls can be used, the work rolls are 
prevented from being heated up to high tempera- 
tures to thereby suppress deterioration of the roll 
material, and positive biting of thick strips can be 
ensured. 

According to the present invention, it is also 
possible to stop supply of a lubricant immediately 
before biting of the strip into the work roll crossing 
mill and start the supply again after the biting. As a 
result, slip troubles at the time of biting are elimi- 
nated and production efficiency is improved. 

Further, according to the present invention, the 
amount of lubricant used can be reduced while 
providing required lubrication to the work roll cross- 
ing mill. 

Additionally, according to the present invention, 
when thrust forces produced in the work roll cross- 
ing mill becomes too large, the coefficient of fric- 
tion can be lowered so as to prevent a trouble of 
roll seizure or the like and hence prolong the 
service life of the rolls. 

Claims 

1. A tandem mill system in which a plurality of 
rolling mills are arranged along a rolling line, 
said plurality of rolling mills including: 
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(a) at least one first type rolling mill (8 to 
11) comprising a pair of work rolls (2, 3) and 
a pair of back-up rolls (6, 7), said pair of 
work rolls (2, 3) being inclined with respect 
to said pair of back-up rolls (6, 7) support- 
ing said work rolls and simultaneously 
crossed each other in respective horizontal 
planes to control transverse thickness dis- 
tribution of a strip; and 

(b) at least one second type rolling mill (12 
to 14) having a shape control function of 
providing an influence upon a pattern of the 
transverse thickness distribution of said strip 
(1) different from the influence provided by 
said first type rolling mill. 



2. A tandem mill system in which a plurality of 
rolling mills are arranged along a rolling line, 
said plurality of rolling mills including: 

20 (a) at least one first type rolling mill (8 to 

1 1) comprising a pair of work rolls (2, 3) and 
a pair of back-up rolls, said pair of work 
rolls being inclined with respect to said pair 
of back-up rolls supporting said work rolls 

25 and simultaneously crossed each other in 

respective horizontal planes to control trans- 
verse thickness distribution of a strip (1); 
and 

(b) at least one second type rolling mill (12 
30 to 14) comprising a pair of work rolls (2a, 

3a) and a pair of rolls (4a, 5a) movable in an 
axial direction, at least said pair of work rolls 
(2a, 3a) being applied with bending forces 
to control the transverse thickness distribu- 
35 tion of said strip (1) by a combination of the 

roll movement and the work roll bending. 

3. A tandem mill system in which a plurality of 
rolling mills are arranged along a rolling line, 

40 said plurality of rolling mills including: 

(a) at least one first type rolling mill (8 to 
11) comprising a pair of work rolls (2, 3) and 
a pair of back-up rolls (6, 7), said pair of 
work rolls being inclined with respect to said 

45 pair of back-up rolls supporting said work 

rolls and simultaneously crossed each other 
in respective horizontal planes to control 
transverse thickness distribution of a strip; 
and 

so (b) at least one second type rolling mill (12 

to 14) comprising a pair of bottle shaped 
rolls (2c, 3c; 4b, 5b) mutually symmetrical 
about a point and movable in an axial direc- 
tion, said pair of bottle shaped rolls being 

55 moved in opposite directions to each other 

to control the transverse thickness distribu- 
tion of said strip. 
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A tandem mill system in which a plurality of 
rolling mills are arranged along a rolling line, 
said plurality of rolling mills including: 

(a) at least one first type rolling mill (8 to 
11) comprising a pair of work rolls (2, 3) and 
a pair of back-up rolls (6, 7), said pair of 
work rolls (2, 3) being inclined with respect 
to said pair of back-up rolls supporting said 
work rolls and simultaneously crossed each 
other in respective horizontal planes, said 
pair of work rolls (2, 3) being applied with 
bending forces to control transverse thick- 
ness distribution of a strip by a combination 
of the roll crossing and the work roll bend- 
ing; and 

(b) at least one second type rolling mill 
comprising a pair of work rolls (2d, 3d) and 
a pair of back-up rolls (6d, 7d), said pair of 
work rolls being crossed each other togeth- 
er with said pair of back-up rolls supporting 
said work rolls in respective horizontal 
planes, said pair of work rolls (2d, 3d) being 
applied with bending forces to control the 
transverse thickness distribution of said strip 
by a combination of the roll crossing and 
the work roll bending. 
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(c) lubricant supply means (15 to 18, 100 to 
107) provided for said first type rolling mill 
(8 to 11) for lubricating between said work 
rolls (2, 3) and said back-up rolls (6, 7) 
supporting said work rolls; 

(d) first detection means (29) provided up- 
stream of said first type rolling mill for de- 
tecting the presence or absence of said 
strip (1); 

(e) second detection means (31 to 34) pro- 
vided for said first type rolling mill for de- 
tecting biting of said strip; and 

(f) control means (30) for controlling said 
lubricant supply means in response to sig- 
nals from said first and second detection 
means. 



11. A tandem mill system according to any one of 
claims 1 to 4, further including: 
20 (c) plural lines of lubricant supply means 

(41 , 43) provided for said first type rolling 
mill (8 to 11) for lubricating between said 
work rolls (2, 3) and said back-up rolls (6, 7) 
supporting said work rolls, said plural lines 
25 of lubricant supply means having respective 

lubricant supply sources (41, 43) per line. 



5. A tandem mill system according to any one of 
claims 1 to 4, wherein said first type rolling mill 
(8 to 11) is arranged in at least a head stand of 
said plurality of rolling mills. 

6. A tandem mill system according to any one of 
claims 1 to 4, wherein said second type rolling 
mill (12 to 14) is arranged in at least a tail 
stand of said plurality of rolling mills. 

7. A tandem mill system according to any one of 
claims 1 to 4, wherein said first type rolling mill 
(8 to 11) is arranged in a stand upstream of 
said second type rolling mill (12 to 14). 

8. A tandem mill system according to any one of 
claims 1 to 4, wherein said first type rolling mill 
includes means (208, 209) for controlling a 
cross angle of said pair of work rolls (2, 3) 
during the rolling in which said strip (1) is 
passing said first type rolling mill. 

9. A tandem mill system according to any one of 
claims 1 to 4, wherein said first type rolling mill 
(8 to 11) includes lubricant supply means (218, 
222) for lubricating between said work rolls (2, 
3) and said back-up rolls (6, 7) supporting said 
work rolls. 

10. A tandem mill system according to any one of 
claims 1 to 4, further including: 



12. A tandem mill system according to claim 11, 
wherein said first type rolling mill is provided 

30 plural in number, said plural first type rolling 

mills are divided into plural groups in the direc- 
tion of movement of said strip, and said plural 
lines of lubricant supply means are divided into 
plural lines corresponding to the plural groups 

35 of said first type rolling mills. 

13. A tandem mill system according to claim 12, 
wherein out of said plural lines of lubricant 
supply means, the line corresponding to the 

40 upstream group (8, 9) of said first type rolling 

mills (8 to 11) has said lubricant supply course 
(42, 43) containing a lubricant with higher den- 
sity, and the line corresponding to the down- 
stream group (10, 11) of said first type rolling 

45 mills (8 to 11) has said lubricant supply source 

(40, 41) containing a lubricant with lower den- 
sity. 

14. A tandem mill system according to claim 11, 
50 wherein said plural lines of lubricant supply 

means (38, 39; 51, 52) are divided into two 
lines corresponding to the upper rolls (2, 6) 
and the lower rolls (3, 7) of said first type 
rolling mill. 

55 

15. A tandem mill system according to claim 14, 
wherein out of said two lines of lubricant sup- 
ply means, the line corresponding to said up- 
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per rolls has said lubricant supply source con- 
taining a lubricant with higher density, and the 
line corresponding to said lower rolls has said 
lubricant supply source containing a lubricant 
with lower density. 

16. A tandem mill system according to claim 11, 
wherein said plural lines of lubricant supply 
means have a number of nozzles (218) ar- 
ranged along a roll axial direction in said first 
type rolling mill, said number of nozzles are 
divided into plural groups (110 to 115) in the 
roll axial direction, and said plural lines of 
lubricant supply means (118, 119; 120, 121) 
are divided into plural lines corresponding to 
the plural groups of said nozzles. 

17. A tandem mill system according to claim 16, 
wherein out of said plural lines of lubricant 
supply means, the line corresponding to the 
nozzle group in a roll central portion has said 
lubricant supply source containing a lubricant 
with higher density, and the line corresponding 
to the nozzle group in a roll end portion has 
said lubricant supply source containing a lubri- 
cant with lower density. 

18. A tandem mill system according to claim 11, 
wherein said plural lines of lubricant supply 
means each have a number of nozzles ar- 
ranged along a roll axial direction in said first 
type rolling mill, and said lubricant supply 
sources for said plural lines of lubricant supply 
means contain lubricants with different den- 
sities. 

19. A tandem mill system in which a plurality of 
rolling mills are arranged along a rolling line, 
comprising: 

(a) said plurality of rolling mills including a 
plurality of work roll crossing mills (8 to 11, 
12D to 14D) each of which comprises a pair 
of work rolls (2, 3) and a pair of back-up 
rolls (6, 7), said pair of work rolls being 
inclined with respect to a pair of said back- 
up rolls supporting said work rolls and si- 
multaneously crossed each other in respec- 
tive horizontal planes to control transverse 
thickness distribution of a strip; 

(b) lubricant supply means (38, 39 and 15 
to 21) provided for each of said plurality of 
work roll crossing mills for lubricating be- 
tween said work rolls (2, 3) and said back- 
up rolls (6, 7) supporting said work rolls; 

(c) first detection means (29) provided up- 
stream of said plurality of work roll crossing 
mills for detecting the presence or absence 
of said strip; 



(d) second detection means (31 to 37) pro- 
vided in each of said plurality of work roll 
crossing mills for detecting biting of said 
strip (1); and 

5 (e) control means (30) for controlling said 

lubricant supply means (15 to 21) in re- 
sponse to signals from said first and second 
detection means (29, 30). 

w 20. A tandem mill system in which a plurality of 
rolling mills are arranged along a rolling line, 
comprising: 

(a) said plurality of rolling mills including a 
plurality of work roll crossing mills (8 to 11) 

15 each of which comprises a pair of work rolls 

(2, 3) and a pair of back-up rolls (6, 7), said 
pair of work rolls being inclined with respect 
to said pair of back-up rolls supporting said 
work rolls and simultaneously crossed each 

20 other in respective horizontal planes to con- 

trol transverse thickness distribution of a 
strip; and 

(b) plural lines of lubricant supply means 
provided for said plurality of work roll cross- 

25 ing mills for lubricating between said work 

rolls and said back-up rolls supporting said 
work rolls, said plural lines of lubricant sup- 
ply means having respective lubricant sup- 
ply sources (39, 40, 41) per line. 

30 

21. A tandem mill system according to claim 20, 
wherein said plurality of work roll crossing mills 
(8 to 11, 1 2D to 14D) are divided into plural 
groups in the direction of movement of said 
35 strip (1), and said plural lines of lubricant sup- 

ply means (39, 40, 41) are divided into plural 
lines corresponding to the plural groups of said 
work roll crossing mills. 

40 22. A tandem mill system according to claim 21, 
wherein out of said plural lines of lubricant 
supply means, the line corresponding to the 
upstream group of said work roll crossing mills 
has said lubricant supply source containing a 

45 lubricant with higher density, and the line cor- 

responding to the downstream group of said 
work roll crossing mills has said lubricant sup- 
ply source containing a lubricant with lower 
density. 

50 

23. A tandem mill system according to claim 20, 
wherein said plural lines of lubricant supply 
means (39, 52) are divided into two lines cor- 
responding to the upper rolls (2, 6) and the 
55 lower rolls (3, 7) of said work roll crossing 

mills. 
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24. A tandem mill system according to claim 23, 
wherein out of said two lines of lubricant sup- 
ply means, the line corresponding to said up- 
per rolls has said lubricant supply source con- 
taining a lubricant with higher density, and the 5 
line corresponding to said lower rolls has said 
lubricant supply source containing a lubricant 
with lower density. 

25. A tandem mill system according to claim 20, w 
wherein said plural lines of lubricant supply 
means have a number of nozzles arranged 
along a roll axial direction in each of said work 

roll crossing mills, said number of nozzles are 
divided into plural groups (110 to 115) in the 75 
roll axial direction, and said plural lines of 
lubricant supply means are divided into plural 
lines corresponding to the plural groups of said 
nozzles. 

20 

26. A tandem mill system according to claim 25, 
wherein out of said plural lines of lubricant 
supply means, the line corresponding to the 
nozzle group (110, 113) in a roll central portion 

has said lubricant supply source containing a 25 
lubricant with higher density, and the line cor- 
responding to the nozzle group in a roll end 
portion has said lubricant supply source con- 
taining a lubricant with lower density. 

30 

27. A tandem mill system according to claim 20, 
wherein said plural lines of lubricant supply 
means each have a number of nozzles ar- 
ranged along a roll axial direction in each of 

said work roll crossing mills, and said lubricant 35 
supply sources for said plural lines of lubricant 
supply means contain lubricants with different 
densities. 

28. A work roll crossing mill comprising a pair of 40 
work rolls and a pair of back-up rolls, said pair 

of work rolls being inclined with respect to said 
pair of back-up rolls supporting said work rolls 
and simultaneously crossed each other in re- 
spective horizontal planes to control transverse 45 
thickness distribution of a strip, wherein: said 
mill includes plural lines of lubricant supply 
means for lubricating between said work rolls 
and said back-up rolls supporting said work 
rolls, said plural lines of lubricant supply 50 
means having respective lubricant supply sour- 
ces per line. 
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